We explore the star forming properties of late type, low surface brightness (LSB) galaxies. The star forming main sequence (SFR-M * ) of LSB dwarfs has a steep slope, indistinguishable from unity (1.04 ± 0.06). They form a distinct sequence from more massive spirals, which exhibit a shallower slope. The break occurs around M * ≈ 10 10 M , and can also be seen in the gas mass-stellar mass plane. The global Kennicutt-Schmidt law (SFR-M g ) has a slope of 1.47 ± 0.11 without the break seen in the main sequence. There is an ample supply of gas in LSB galaxies, which have gas depletion times well in excess of a Hubble time, and often tens of Hubble times. Only ∼ 3% of this cold gas need be in the form of molecular gas to sustain the observed star formation. In analogy with the faint, long-lived stars of the lower stellar main sequence, it may be appropriate to consider the main sequence of star forming galaxies to be defined by thriving dwarfs (with M * < 10 10 M ) while massive spirals (with M * > 10 10 M ) are weary giants that constitute more of a turn-off population.
INTRODUCTION
Considerable recent work has focussed on the star forming main sequence of galaxies (Noeske et al. 2007b,a) . Indeed, a dizzying array of calibrations of the star forming main sequence can be found in the literature (e.g. Peng et al. 2010; Speagle et al. 2014; Jaskot et al. 2015; Kurczynski et al. 2016; Cano-Díaz et al. 2016) . The fitted slope of the relation varies from rather flat at low redshift (∼ 0.5: Speagle et al. 2014) to rather steep at all redshifts (∼ 0.9: Kurczynski et al. 2016) .
The true form of the star forming main sequence has consequences for the ages and evolutionary states of actively star forming galaxies. A slope of unity would be consistent with galaxies forming early in the universe and subsequently forming stars at a nearly constant specific rate. In contrast, shallow slopes imply that low mass galaxies have only recently formed, as high specific star formation rates overproduce the observed stellar mass in less than a Hubble time. These are drastically different pictures.
The terminology "main sequence" makes a clear parallel between star forming galaxies and the main sequence of stars. While one may question the degree to which this analogy is appropriate, we note here that it may be carried further. The main sequence of stars for old systems is defined by slowly evolving, low-mass stars that linger long after rapidly evolving, high-mass stars have evolved off the main sequence. Here we suggest that the star forming main sequence of galaxies should be defined by gradually evolving galaxies with gas depletion times that exceed the age of the Universe. Such systems are provided by late type, low surface brightness (LSB) galaxies Bothun et al. 1997) . In contrast, more commonly studied bright galaxies may represent a population that is currently "turning off" the main sequence.
Low surface brightness (LSB) galaxies are ubiquitous in deep surveys that probe to faint isophotal levels (Schombert et al. 1992 (Schombert et al. , 1997 Mihos et al. 2015; van Dokkum et al. 2015) . They share many properties with objects selected in blind HI surveys (Giovanelli et al. 2005) , which seem to identify the same population (Gavazzi et al. 2008; Giovanelli et al. 2013; Cannon et al. 2015) . LSB galaxies are generally late morphological types (Sd, Sm, Irr) spanning a large range in size and mass (McGaugh et al. 1995) . As the antithesis of the bright galaxies that dominate magnitude limited samples, they frequently provide new insight into basic questions in galaxy formation and evolution. Star formation in LSB galaxies is an obvious topic of interest (e.g. van der Hulst et al. 1993; Boissier et al. 2008; Wyder et al. 2009; Meurer et al. 2009; Lee et al. 2009) We have made a detailed study of LSB galaxies in a series of papers (Schombert et al. 2011 (Schombert et al. , 2013 Schombert & McGaugh 2014a ,b, 2015 . Our sample extends to very low masses (M * < 10 7 M ) and star formation rates (SFR < 10 −4 M yr −1 ), well below the M * ∼ 10 9 M lower limits typical of studies based on magnitude limited samples and reaching the regime of single O stars. The large dynamic range in stellar mass observed in LSB galaxies provides a new constraint on the slope of the star forming main sequence. We also consider the relation of star formation in LSB galaxies with gas mass and baryonic mass, and note that the relation between stellar and gas mass contains similar information to the star forming main sequence.
2. DATA Our sample is drawn from the LSB galaxy catalog of Schombert et al. (1992) and the dwarf LSB catalog of Schombert et al. (1997) . The specific sample of galaxies considered here consists of the 56 LSB galaxies listed in Table 1 for which a great deal of data are available. These include gas masses, optical luminosities, colors (Schombert et al. 2011) and Hα luminosities (Schombert et al. 2011 (Schombert et al. , 2013 . In some cases, near-IR luminosities are also available (Schombert & McGaugh 2014b) . These narrowband and broadband photometric data provide a picture of star formation in a population of LSB galaxies covering a large range in mass, 5 × 10 6 < M * < 7 × 10 9 M . The low end of this mass range overlaps with the stellar masses of the dwarf spheroidal satellites of the Local Group, while the upper end approaches (though does not quite reach) that of L * spiral galaxies.
There is modest overlap with previous work: eight objects in common with Hunter & Elmegreen (2004) ; ten in common with Wyder et al. (2009) and one object in common with Boissier et al. (2008) . There is reasonable agreement between independent data sets where there is overlap (see discussion in Schombert et al. 2013) . Masses and star formation rates generally agree well once differences in method and calibration are accounted for.
To place our results in context, we utilize data from SINGS (Kennicutt et al. 2009 ) and THINGS (Leroy et al. 2008 ). These provide a reference sample that includes bright star forming galaxies with M * > 10 10 M as well as some dwarfs overlapping the mass range of our LSB galaxies. These particular comparison samples are used because they provide the same type of data that allows us to compare properties directly (e.g., star formation rates are consistently estimated from extinction corrected Hα measurements). No claim to completeness of these samples is made. We merely wish to place our sample of LSB galaxies in the context of well studied local star forming galaxies. Table 1 lists the name, adopted distance, stellar mass, gas mass, baryonic mass (M b = M * + M g ), and star formation rate for each galaxy. These quantities are computed as described below. Distances are adopted as described in Schombert et al. (2011) with the exception of DDO 154, for which we adopt the TRGB distance of Jacobs et al. (2009) . Uncertainties in distance dominate over photometric uncertainties in most cases, but vary in the same way on the quantities of interest so should not affect the slope of fitted relations: M ∝ D 2 .
Stellar Masses
We estimate stellar masses from the observed luminosity and color such that M * = Υ V * L V using the mass-tolight ratio given by Portinari et al. (2004) for a Kroupa (Kroupa 2002) initial mass function (IMF):
This model is practically indistinguishable from that of Bell et al. (2003) and is consistent with other models (McGaugh & Schombert 2014) . Stellar masses estimated by applying eq. 1 to the data in Schombert et al. (2011) are given in Table 1 . Schombert & McGaugh (2014a) constructed new population synthesis models while McGaugh & Schombert (2014) considered the applicability of the mass-to-light ratio estimators of published population synthesis models to a broad range of photometric data. The upshot of this work is that the near-infrared bands (e.g., K and [3.6]) provide the closest link to stellar mass, as expected. Due to the vagaries of telescope scheduling and weather, only 20 of the 56 galaxies in Table 1 with Hα measurements (Schombert et al. 2011 (Schombert et al. , 2013 ) also have Spitzer [3.6] images (Schombert & McGaugh 2014b) , while all have B and V band observations enabling use of eq. 1.
For the galaxies with all relevant data, we compare the stellar mass estimated from eq. 1 to that from the [3.6] luminosity in Fig. 1 . For the models of Portinari et al. (2004) , McGaugh & Schombert (2014) find that the appropriate mass-to-light ratio at 3.6µ is a constant Υ Schombert & McGaugh (2014a) and other population modeling (Eskew et al. 2012; Meidt et al. 2014; Norris et al. 2014 ). Fig. 1 shows that optical and near-IR stellar mass estimators agree reasonably well. The data follow the line of equality, which in itself is a non-trivial accomplishment (see McGaugh & Schombert 2014) . The rms scatter is 0.1 dex, which is arguably less than the uncertainty in the adopted IMF.
Gas Masses
Gas masses are taken to be the HI masses (Eder & Schombert 2000; Schombert et al. 2011 ) corrected for the cosmic abundance of helium (M g = 1.33M HI ) and are given in Table 1 . Molecular gas masses are unknown, and probably small. Emission lines like CO have not been detected in the vast majority of LSB galaxies (Schombert et al. 1990; de Blok & van der Hulst 1998b; Cao et al. 2017 ). There are detections in a couple of exceptional cases (Das et al. 2006 (Das et al. , 2010 , but these are giant LSB galaxies that are very different from the dwarfs discussed here (Lelli et al. 2010) .
To check the importance of molecular gas to the mass budget, we estimate the amount of molecular gas mass based on the observed star formation rate ( §2.3) using eq. 1 of McGaugh & Schombert (2015) . This is obtained by assuming that LSB galaxies form stars with the same efficiency as other disk galaxies (Leroy et al. 2008 ). In effect, we simply ask how much molecular gas is required to sustain the observed star formation. The answer is not much. On average, the mass in atomic gas exceeds that in molecular gas by a factor of 33. This is a negligible contribution to the mass budget and we do not consider it further for the LSB sample. For the comparison SINGS sample, we include the molecular gas component when it has been measured (Leroy et al. 2008 ).
Star Formation Rates
In this work we employ the Hα line to measure star formation rates. Accurate Hα flux measurements are available for many LSB galaxies (Schombert et al. 2011 (Schombert et al. , 2013 . These data are in good agreement with independent measurements of the same galaxies where they have been made (e.g, Hunter & Elmegreen 2004) . Moreover, they are very deep, often detecting HII regions powered by single O stars. In contrast, UV and far-IR surveys Masses and star formation rates of local star forming galaxies: gas mass vs. stellar mass (top left), SFR vs. stellar mass (top right: the star forming main sequence), SFR vs. gas mass (bottom left: the global Kennicutt-Schmidt relation), and SFR vs. baryonic mass (bottom right). LSB galaxies for which we have measured Hα fluxes are shown as blue points (Schombert et al. 2011) . The dark solid lines are fits (Table 2) to the LSB galaxy data (Table 1) ; extrapolated extensions of these fits are shown as dotted lines. For comparison, SINGS galaxies (Kennicutt et al. 2009 ) are shown as red points; these are not included in the fits. The range of properties of known disk galaxies is illustrated by the SPARC sample (Lelli et al. 2016 , gray points in top left panel). The light solid line in the top left panel is the line of equal mass; in the top right panel it is the line of constant SFR for 13 Gyr. Also shown at the top right is the main sequence fit of Speagle et al. (2014, dashed line) . In the lower right panel we note the approximate threshold where the observed Hα flux may be provided by a single O star. Note the change in behavior at M * ≈ 10 10 M that separates the regime of thriving dwarfs and weary giants in the top panels.
often fail to detect these dim galaxies, making Hα the only viable probe of star formation. We adopt the Hα calibration of Kennicutt & Evans (2012) :
where the star formation rate is in M yr −1 and the Hα luminosity is in erg s −1 .
Corrections for Extinction and [N II] Contamination
We correct the observed Hα fluxes for distance, ex- , so these corrections are much smaller than in more commonly studied bright galaxies. Consequently, we expect Hα to be a better tracer of star formation in LSB galaxies than in dustier, higher metallicity spiral galaxies, at least insofar as the necessary corrections are smaller.
We use the spectroscopic observations of HII regions in LSB galaxies (McGaugh 1994; While there is a good amount of spectroscopic data available, we do not have spectroscopy for all the HII regions in all of LSB galaxies for which we have Hα luminosities. This makes it impossible to make a correction for each individual HII region. Moreover, the uncertainties on these measurements for any one HII region can be large. We therefore make a single correction for the entire population.
To obtain a mean correction for internal extinction, we start by noting that there is a clear trend of extinction with metallicity as traced by oxygen abundance (Fig. 6 of McGaugh 1994). This goes in the expected sense that higher metallicity systems are dustier. There is very little extinction in the lowest metallicity HII regions, while there is clearly some in HII regions that are merely low abundance. Splitting the data into bins above and below 12+log(O/H) = 8.1, we obtain median extinction corrections of A Hα = 0.23 (lower Z) and 0.42 (higher Z) magnitudes.
We use the same metallicity bins to estimate a correction for [N II]. For LSB galaxies of higher metallicity, the mean [N II]/Hα = 0.12. In the lower metallicity bin, the median ratio is 0.06. We note that many of the lowest metallicity HII regions have upper limits [N II]/Hα < 0.04, so these are quite modest corrections.
The correction for [N II] reduces the Hα flux while that for extinction increases it. The extinction correction is larger, so the net correction is upwards, but only by a small amount. Combining both effects, we have corrected Hα luminosities L c (Hα) = 1.15L(Hα) (lower Z) and L c (Hα) = 1.26L(Hα) (higher Z). Rather than pretend that the second digit is significant, we split the difference and apply a net upward correction of a factor of 1.2 to the entire sample. In effect, we add 0.08 dex to eq. 2.
Our 20% correction for extinction and [N II] contamination is small compared to the same correction in bright spirals where the HII regions are both dustier and have greater [N II] emission (McCall et al. 1985; Zaritsky et al. 1994) . It is also smaller than the systematic uncertainty in the calibration (Kennicutt & Evans 2012; McQuinn et al. 2015a ). Overall, the low extinction and weak [N II] lines in LSB galaxies make for a relatively clean use of the Hα line as a measure of the star formation rate. Star formation rates computed in this fashion are given in Table 1 .
For the SINGS comparison sample (Kennicutt et al. 2009 ) we update the SFR to the calibration of Kennicutt & Evans (2012) . We correct for the [N II] flux reported for each individual object. To account for extinction, we use the 24µm flux (Dale et al. 2007 ) and the corresponding correction from Table 2 of Kennicutt & Evans (2012) .
RELATIONS BETWEEN STAR FORMATION, STELLAR MASS, AND GAS MASS
We fit relations between the masses and star formation rates of LSB galaxies to estimate the run of properties with one another as well as the intrinsic scatter in these relations. Fit results are given in Table 2 . Measurement errors are generally small (see Schombert et al. 2011) , and certainly smaller than the systematic uncertainty in the calibration of stellar mass and SFR (see §3.5). Note-Fits of the form log(y) = a + b log(x) ± σ where σ is the intrinsic scatter in the relation. Mass is measured in M and star formation rate in M yr −1 .
As expected, larger galaxies have more of everything. Galaxies with higher baryonic mass have larger stellar mass, gas mass, and star formation rate. Our sample is not complete, so one should not take the fitted relations as absolute. Nevertheless, as the sample extends to lower surface brightness and lower mass than commonly explored, the slope and scatter of the relations provide some insight into galaxy evolution.
Gas Mass and Stellar Mass
The relation between stellar and gas mass is shown in Fig. 2 . The majority of the LSB galaxy sample is gas rich, with M g > M * . In contrast, the bright spirals of SINGS are relatively gas poor, with M g < M * . They fall below the upwards extrapolation of the fit to the LSB data.
Indeed, there appears to be a change in behavior at the scale M * ≈ 10 10 M . Below this mass, LSB dwarfs form a sequence of gas rich galaxies. At a first approximation, this sequence is not far different from a constant M g ≈ 2M * . In detail, the fitted relation gradually approaches star-gas equality as mass increases. Around M * ≈ 10 10 M the slope of the relation between stellar and gas mass flattens and the scatter increases as we enter the regime of giant spirals.
As a check whether this transition is an artifact of the meeting point of different samples, we employ the SPARC database (Lelli et al. 2016 ). SPARC does not have measured star formation rates, but it does have robust stellar and gas mass estimates for a large sample of disk galaxies spanning a broad range of mass and morphological types from S0 to dIrr. SPARC galaxies fill the same space in the M g -M * plane as do the galaxies with measured SFR as does the large sample of Bradford et al. (2015) . There appear to be two sequences of galaxies in Fig.  2 : gas rich dwarfs at low mass and star rich spirals at high mass. The point of separation is M * ≈ 10 10 M . The two groups are also well separated by morphological type: early type spirals (T < 5: Sbc and earlier) are exclusively the more massive galaxies while the late types (T > 6: Sd and later) are exclusively less massive dwarfs. Intermediate types (Sc and Scd) appear on either side of the break, though Sc galaxies are more frequently giants and Scd galaxies are more frequently dwarfs.
Late type dwarfs form a sequence of star forming galaxies with an ample supply of cold gas. In contrast, the early type spirals have low gas fractions and may be near to exhausting their reservoir of gas available for star formation. To extend the analogy of the star forming "main sequence" to Fig. 2 , it appears that giant galaxies are "turning off." It is easy to imagine that as their gas supply is exhausted, galaxies follow an evolutionary trajectory of declining M g as they approach a maximum M * . Perhaps the characteristic timescale for this evolution is a function of mass such that M * ≈ 10 10 M represents the current turn-off mass. Below this mass is a sequence of thriving dwarfs with ample gas to continue forming stars far into the future, while above it we have the weary giants whose star forming potential is mostly in the past.
The Star Forming Main Sequence
The relation between the current star formation rate as traced by Hα and stellar mass is shown in Fig. 2 . This diagram that has come to be called the "main sequence" of galaxies. The LSB galaxies in our sample extend over four decades in star formation rate: 4 × 10 −5 < SFR < 0.3 M yr −1 . The large dynamic range of the LSB data provides a strong constraint on the much-debated slope of the main sequence. The fit we obtain has a slope consistent with unity: 1.04 ± 0.06 (Table 2 ). This is also found in other works that extend over a large mass range (e.g., Peng et al. 2010; Kurczynski et al. 2016 ). The very low mass galaxy Leo P nicely follows the extrapolation of our fit: [log(M * ), log(SFR)] = (5.75, −4.53) (McQuinn et al. 2015b ). The Hα fluxes of the lowest mass galaxies can be generated by a single O star, which manifestly exist at these low star formation rates (cf. Weidner et al. 2013; Yan et al. 2017) . There is no dearth of massive stars in LSB galaxies resolved with HST (Schombert & McGaugh 2015) .
There are samples with much larger numbers of galaxies than we have here. However, these are usually subject to a strong selection bias against low luminosity and low surface brightness galaxies. Most works that measure slopes for the main sequence less than unity are dominated by galaxies with high mass. These large samples are dominated by giants with M * 10 10 M , and usually truncate around M * ≈ 10 9 M . Consequently, they are mostly sampling the regime of weary giants.
It is obvious by inspection of Fig. 2 that the weary giants from SINGS have a shallow slope. They all fall below the extrapolation of the fit to the LSB galaxies. So our result does not contradict but rather compliments other work. Indeed, the star forming main sequence has a similar morphology to that in gas vs. stellar mass: the thriving dwarfs form the main sequence while the weary giants are turning off it, having star formation rates that are lower now than in the past.
The axes of the star forming main sequence are measured independently, but they are not independent physical quantities. The stellar mass is the integral of the star formation rate:
where t F is the time of galaxy formation, t U is the age of the universe, t G = t U − t F is the age of the galaxy, and SFR = M * /t G is the average star formation rate. The relation between SFR and its integral, the stellar mass, places a physical upper envelope on where galaxies can reside in the SFR-M * plane. The current SFR may fluctuate, but if SFR > SFR for long, it simply builds up M * and increases SFR . The upper envelope is thus defined by the line of constant star formation
For t G = 13 Gyr, this corresponds to the line log(SFR) = log(M * ) − 10.11.
No galaxy may persist for long above this line. Such a high rate of star formation, if sustained, makes enough stars to drive the position of the galaxy back to this line. There can of course be temporary excursions with SFR > SFR , but these starbursts must be brief in proportion to their intensity. Despite this hard physical limit, there are many measurements of the slope of the star forming main sequence that are less than one. These lead to absurd results when applied to low mass galaxies. To give a specific example, Speagle et al. (2014) obtain a slope that is a function of both mass and time. By the time the universe reaches it present age, appropriate to our low redshift galaxies, they give log(SFR) = 0.5 log(M * ) − 5.08. This is plausible for massive galaxies, but not for low mass galaxies. For the lowest mass LSB galaxies, M * ≈ 10 7 M , this formula predicts SFR = 0.026 M yr −1 . This lies in a region of Fig. 2 that is completely devoid of data. It is over two orders of magnitude higher than the observed SFR for such low mass galaxies ( 10 −4 M yr −1 ). A 10 7 M galaxy forming stars at 0.026 M yr −1 would form its entire stellar mass in just 0.4 Gyr. The only way for the slope of the star forming main sequence to be shallow for low mass galaxies is for them to form quite recently. This is not consistent with resolved color magnitude diagrams (McQuinn et al. 2010a,b; Weisz et al. 2014; Schombert & McGaugh 2015) .
The shallow slope reported by many studies is simply unphysical when extrapolated to low mass galaxies. Nevertheless, it is indeed a good description of the data to which it is fit. The difference appears to be attributable to a selection effect: it is the consequence of samples dominated by luminous, high stellar mass galaxies. One can see this effect in the SINGS data in Fig. 2 : a line drawn through the most massive galaxies would lead to a similar result when extrapolated to very low mass.
It seems more appropriate to identify the main sequence as that defined by star forming dwarfs with unity slope. Massive galaxies appear to be turning off the main sequence, evolving to lower SFR than the mean SFR that made them what they are (see also Oemler et al. 2017) . It is this quenching process that the time-varying slope of the meta-analysis of Speagle et al. (2014) quantifies, not the main sequence itself, which must, per force of eq. 3, have slope one (Kelson 2014) . Indeed, even among massive galaxies the quenching process may represent the build-up of bulge components, with star forming disks remaining closer to the main sequence (Abramson et al. 2014) .
Quantitatively, the sequence defined by LSB dwarfs is slightly below the locus of constant SFR. The stellar mass is a bit greater than what would be made in a Hubble time at the current star formation rate, but not by much. On average, the current SFR is about half the past average. This is probably within the systematic uncertainty of the calibration of both stellar mass and SFR, so to a first approximation, LSB galaxies are consistent with having a constant star formation rate over the age of the universe. Taking the calibrations literally, they have slowly declining SFR, consistent with an exponential decline with e-folding time τ comparable to a Hubble time. Indeed, the vast majority of the LSB data are consistent with 11 < τ < 13 Gyr. in the SFR on the short ( 10 7 year) timescales of O star lifetimes (see Fig. 13 of Schombert et al. 2013) 
The Kennicutt-Schmidt Relation
Just as the star formation rate is related to the mass of stars it forms, so too is it related to the mass of cold gas from which stars can form. The relation between SFR and M g is shown in the lower left panel of Fig. 2 . This is a global version of the Kennicutt-Schmidt relation. The Kennicutt-Schmidt relation is usually posed as a relation between the surface density of star formation and the surface density of gas, but these are identical to Fig. 2 when integrated over the same area (Kennicutt 1989 (Kennicutt , 1998 .
The relation between the star formation rate and gas mass for LSB galaxies in our sample is given in Table 2 . The slope (1.47 ± 0.11) is consistent with that found in previous studies (e.g., 1.4 -1.5: Kennicutt 1989 Kennicutt , 1998 Kennicutt & Evans 2012) . Unlike the local surface density version of this relation (e.g., Leroy et al. 2008) , there is no hint of a turn down at low mass as there is at low surface brightness -even among very low surface brightness galaxies (see also Roychowdhury et al. 2017) . This is because we simply consider the total gas mass here, not the local surface density as in Leroy et al. (2008) , combined with the fact that there is a much greater dynamic range in stellar surface density than in HI surface density: low surface brightness in stars does not mean proportionately low surface density in atomic gas.
The non-linear slope of the Kennicutt-Schmidt relation contrasts with the linear slope of the star forming main sequence for LSB galaxies. So too does the scatter, which is greater in the global Kennicutt-Schmidt. In this sense, the rate at which stars form is more closely related to the mass of stars already present than to the mass of cold gas from which stars could form, at least for LSB galaxies. This may reflect a distinction between active (H 2 ) and inactive (HI) gas reservoirs. The bottleneck to star formation appears to be the conversion of atomic to molecular gas (Gerritsen & de Blok 1999) , not the overall supply of cold gas.
Looking now at the giant galaxies from SINGS as well as the LSB dwarfs, we see a continuous relation in the lower left panel of Fig. 2 . There is no apparent break in the global Kennicutt-Schmidt relation as we cross from the regime of dwarfs to giants. This stands in contrast to the star forming main sequence, where giant galaxies fall systematically below the upwards extrapolation of the fit to LSB galaxies. In this regard, gas mass is a more continuous and direct indicator of star formation rate than stellar mass, despite the smaller scatter in the star forming main sequence of LSB dwarfs.
Many galaxy formation simulations utilize the Kennicutt-Schmidt to prescribe the rate of star formation. These results provide a check on such prescriptions. The overall morphology of Fig. 2 should be reproduced. In addition, it is important to check that such prescriptions have the correct amount of scatter in the global Kennicutt-Schmidt relation without overproducing the scatter in the star forming main sequence.
Star Formation and Baryonic Mass
For completeness, Fig. 2 shows the relation between the star formation rate and the baryonic mass (M b = M * + M g ). As expected, the slope and scatter in the SFR-M b relation are intermediate between those of the SFR-M * and SFR-M g relations. There is only a hint of the turndown in SFR at high mass that is apparent in the star forming main sequence. The combination of continuity and low scatter may make baryonic mass a good star formation rate indicator for late type galaxies.
Systematic Effects
Uncertainties in flux measurements are small (Schombert et al. 2011 ), but systematic errors may not be. The conversion from 21 cm flux to gas mass is widely agreed, but different choices could be made for the conversion of V -band and Hα luminosity to stellar mass and star formation rate. Here we illustrate the potential amplitude of such systematic uncertainties by checking different calibrations.
Plausible changes to the stellar mass calibration seem unlikely to affect our results. For example, the star forming main sequence we find for our adopted calibration has a slope b = 1.04 ± 0.06 and intercept a = −10.75±0.53 (Table 2) . If instead we adopt the Υ * -color relation of Into & Portinari (2013) in place of eq. 1, the slope and intercept of the star forming main sequence change to b = 1.01 ± 0.07 and a = −10.40 ± 0.54, a change of < 1σ. The basic result remains unchanged: a star forming main sequence of slope unity for thriving dwarfs, consistent with a roughly constant SFR over a Hubble time. Substantially larger changes in the stellar mass estimates are not plausible, as they would violate both photometric (McGaugh & Schombert 2014) and kinematic (McGaugh & Schombert 2015; Lelli et al. 2017) constraints.
By a similar token, there is some uncertainty in the conversion of Hα luminosity to star formation rate (Kennicutt & Evans 2012) . The constant in eq. 2 may be metallicity dependent, as one expects metal poor stars to be more efficient at producing UV photons than their higher metallicity counterparts. This was considered, e.g., by Brinchmann et al. (2004) ; from their Fig. 7 we estimate that the constant in eq. 2 may change by ∼ 0.07 per dex in stellar mass as a consequence of the mass-metallicity relation. This would change the slope of the star forming main sequence to 1.12±0.06: slightly steeper, but not significantly so.
It is also conceivable that there are systematic variations in the IMF (e.g., Lee et al. 2009; Meurer et al. 2009 ) that change the relation between Hα luminosity and SFR. These may even be expected on theoretical grounds (Pflamm-Altenburg et al. 2007; PflammAltenburg & Kroupa 2009 ). However, we see no evidence for this in resolved color magnitude diagrams (Schombert & McGaugh 2015) , where it is possible to integrate the resolved stellar population, extrapolate with a normal IMF, and recover the correct total luminosity of LSB galaxies.
We may nevertheless compute the effects of a systematic variation in the IMF. Lee et al. (2009) suggest a correction to the Hα SFR based on UV estimated star formation rates, which are themselves very uncertain (McQuinn et al. 2015a ). Updated to the calibration of eq. 2, eq. 10 of Lee et al. (2009) 
This holds only for low Hα luminosity galaxies with log[L(Hα)] < 39.4 erg s −1 (SFR < 0.014 M yr −1 ). Fully 36 of our 56 LSB galaxies fall below this threshold. Applying this formula to our data leads to a star forming main sequence with a somewhat shallower slope: b = 0.68 ± 0.05 and a correspondingly different intercept a = −7.48 ± 0.38. The slope found in this way is of course an artifact of eq. 6.
The magnitude of the correction made by eq. 6 appears to be physically implausible, for the same reasons given in §3.2: too many stars will form in less than a Hubble time. Prior to the application of this correction, most LSB galaxies have SF R SFR . Only 12 of the 56 have SF R > SFR . After the correction, 25 of the 36 affected galaxies have SF R > SFR . Some are, by fiat, transformed into starbursts (SF R SFR ). These LSB galaxies are manifestly not starbursts.
Our results appear to be robust against likely systematic effects. Plausible systematic effects are comparable to the ∼ 1 σ uncertainties in the fits in Table 2 . Large changes to these fits only occur for implausibly severe systematic effects.
GAS DEPLETION TIMES AND GALAXY EVOLUTION
We can compute the time it will take to deplete the observed supply of cold gas at the current rate of star formation as t dep = M g /SFR. This is shown in Fig.  3 as a function of stellar mass. The relation expected between these quantities can be derived from the fits in Table 2. LSB galaxies have large HI reservoirs and low absolute star formation rates. Consequently, their gas depletion Table 2 . Some of the weary giants have gas depletion times less than a Hubble time, but thriving dwarfs may continue forming stars at their current rate for tens or even hundreds of Gyr without fresh accretion.
times are long. These are typically tens to hundreds of Gyr. There is no concern that these galaxies will exhaust their fuel for star formation anytime soon, even by the cosmic standard of the Hubble time.
One consequence of the long depletion times of LSB galaxies is that there is no need to supply fresh material for star formation by external accretion. This may well happen, but there is no need to invoke it to maintain star formation. A brief depletion time is a reason that is sometimes invoked for the need for external accretion in bright spirals, but these do not stand out in Fig. 3 . From the perspective of our study, the shorter depletion times of brighter galaxies may simply be an indication that their evolution is nearer to completion in the sense that they have converted more of their original gas into stars. This is consistent with the analogy to a main sequence turn off: star formation is slowing in massive galaxies simply as the supply of gas nears exhaustion. There may be good reasons to believe galaxies continue to accrete substantial amounts of fresh gas, but short depletion times is not one of them.
Rather than living in a special time, in which spirals are just now exhausting their gas supply, it may be that weary giants with short depletion times merely mark the current phase of an on-going process. The red and dead early type galaxies of today may have been the weary giants of the past, while the brightest dwarfs of the star forming main sequence may be the weary giants of the future. As with the stellar main sequence, galaxies peel off in a mass dependent way, with the most massive galaxies completing their star formation first. This is, in effect, a rephrasing of the downsizing phenomenon, in which the most massive galaxies appear to be the most evolved at any given redshift. For the typical galaxy, quenching may simply follow from gas exhaustion. The underlying physical mechanism that makes this mass dependent is less clear.
CONCLUSIONS
We have examined the star formation rates in a sample of low surface brightness galaxies. We find that dwarf LSB galaxies
• form a distinct sequence from massive spirals in the gas mass-stellar mass plane,
• define a star forming main sequence of thriving dwarfs with unity slope,
• are consistent with a global version of the Kennicutt-Schmidt law, and
• have gas depletion times much greater than a Hubble time, often tens of Hubble times.
There is no need to invoke fresh gas accretion to maintain star formation in LSB galaxies. It appears that the M g -M * relation contains much of the same information as the SFR-M * main sequence, albeit with greater scatter. There is greater intrinsic scatter in the global Kennicutt-Schmidt law than in the star forming main sequence for thriving dwarfs, which may have consequences for modeling galaxy evolution. More broadly, the star forming main sequence of galaxies may relate to its stellar namesake in a few qualitative ways. Viewed from this perspective, we can identify three broad groups of galaxies: thriving dwarfs (late morphological types of M * < 10 10 M ), weary giants (early type spirals with M * > 10 10 M ), and red and dead early type galaxies. Thriving dwarfs are on the main sequence. They have gas depletion times well in excess of a Hubble time, and can continue to form stars at the observed rates far into the future. Weary giants are still forming stars, and being massive galaxies, have the highest absolute star formation rates among normal galaxies in the local universe. However, their specific star formation rates appear to be in decline and they are in the process of turning off the main sequence. Red and dead early type galaxies have practically ceased star formation and left the main sequence. This crude analog to stellar evolution can be seen in the unity slope of the star forming main sequence for thriving dwarfs, the turn-down in slope for weary giants (M * > 10 10 M ), and the offset of early type galaxies to very low SFR at a given stellar mass. This analog to the main sequence turn-off can also be seen in the M g -M * relation, where the weary giants, in the slow process of leaving the main sequence, have gas masses lower than the extrapolation of the relation for thriving dwarfs.
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